Objectives: Diabetic nephropathy (DN) is a nerve damaging disorder, characterized by glomerular mesangial cell expansion and accumulation of extracellular matrix (ECM) proteins. In this study, we aimed to investigate mesangial cell proliferation and ECM accumulation when promoting or suppressing endogenous miR-382 in glomerular mesangial cells of DN. 
| INTRODUC TI ON
As a series of conditions characterized by metabolic disorders with hyperglycaemia as its feature, diabetes mellitus (DM) is generally accompanied by a shortage of insulin secretion, defects in the action of insulin and in some instances both. 1 DM has progressively become one of the most commonly occurring chronic conditions globally, largely owing to lifestyle, scarce physical activity and increased obesity that can be attributed to economic development and urbanization. 2 DM can result in various complications including kidney failure, heart disease, nerve damage, blindness and stroke.
3
Diabetic nephropathy (DN) is a clinical syndrome characterized by hypertension, with an increased cardiovascular disease risk and albuminuria which is 2-4 times more likely to occur in DM patients. 4 Previous research has elucidated a link between unique microRNA (miRNA) expression profiles and certain cancers, which may be useful biomarkers for disease diagnosis and prognosis. 5 With this in mind, an miRNA-based approach was adopted to investigate related genes involved with the occurrence of DN which may well aid in the development of future intervention and treatment strategies.
MicroRNAs are a class of small non-coding RNAs that participate in post-transcriptional gene regulation, playing significant roles in regulating the translational repression progress through targeting mRNAs via combining to the 3′-UTR of target messenger RNA (mRNA) and decreasing mRNA stability and translation. 6 MiR-382 exists among human beings in a miRNA cluster in the imprinted DLK1-DIO3 region on the 14q32 locus possessing one of the largest miRNA clusters in the genome. 7 Emerging evidence has linked miR-382 with high glucose levels 8 as well as renal inner medullary interstitial fibrosis, 9 supporting the hypothesis that miR-382 and its involvement in the progression of DN. A previous study demonstrated that miR-382 increased in the glomeruli of diabetic mice. 10 Presumptions have been made suggesting that miR-382 regulates the FoxO1 gene by binding to the 3′-untranslated regions (3′UTR) in connection with the target prediction program, microRNA (http://micronna.org/). Intriguingly, FoxO1
has previously been identified as a downregulated gene in DN based on the microarray data of GSE1009. The transcription factor FoxO1 was previously investigated as dominant mediator of muscle wasting in chronic kidney disease 11 and was found to be capable of regulating cell proliferation when inhibited by miRNAs. 12 Hence, during this study, we set out to determine the expressions of miR-382 and FoxO1
in streptozotocin-induced mice.
| MATERIAL S AND ME THODS

| Ethics statement
The study was conducted with the approval of the Animal Ethics 
| Bioinformatics prediction
Based on the GEO database (http://www.ncbi.nlm.nih.gov/geo), chip data (GSE1009) and annotated probe files related to DN were downloaded, obtained by detection means using the Affymetrix Human Genome U95 Version 2 Array. The Affy installation package of R software was employed in background correction and normalization processing of each chip data. 13 Next, a linear model and empirical Bayes method from Limma installation package combined with traditional t test was applied to perform nonspecific filtration on expression data providing a basis for the selection of mRNA with differential expression. The UCSC website (http:// genome.ucsc.edu/) was used to obtain the location of each gene, while the KEGG website (http://www.genome.jp/kegg/pathway.
html) was used for the enrichment analysis of the genes with differential expression, followed by the selection of mRNAs related to DN.
| STZ inducement
Healthy male C57BL/6 mice (n = 45) in specific-pathogen free (SPF)
class, purchased from BetterBiotechnology Co., Ltd. (Nanjing, China),
were randomly grouped into two groups, namely the control group ) in order to induce DN in the selected mice for model establishment purposes, while the control group was injected with the same amount of citrate buffer. The mice were permitted to drink and eat freely under natural light conditions. Following model establishment, the weight of each mouse was measured on a weekly basis, while blood glucose tests were conducted every 3 days. Blood glucose was measured on a One Touch blood glucose meter and a standard blood glucose test paper (PEA002072P, Daertai (Tianjin) Industrial Co., Ltd., Tianjin, China). The mice with stable blood glucose concentrations of more than 16.7 mmol L −1 were used as the DN models, after which blood glucose testing was conducted once every 4 weeks. The standards of successful DN models were as follows: after 12 weeks of standard feeding, the mice had a blood glucose ≥16.7 mmol L −1 (3 consecutive times), urine volume >150% urine output and 24-hour urinary protein excretion >30 mg. After successful modelling, the mice in the DN and control groups were sacrificed at the 12th week, and the kidneys were collected in a swift manner.
The right renal cortex was fixed in 4% paraformaldehyde and paraffinembedded. Residual left renal cortex were frozen in liquid nitrogen and stored at −80°C for further use.
| Haematoxylin-eosin (HE) staining
The kidney tissues were fixed with 4% paraformaldehyde solution for a period of 24 hours. The routine dehydration process was conducted with the conventional gradient alcohol (ethanol concentration of 70%, 80%, 90%, 95% and 100%) for 1 minute each 
| Immunohistochemistry
The formaldehyde-fixed specimens were embedded with paraffin and continuously sliced at a thickness of 4 μm. The tissue sections were placed in a 60°C oven and heated for l h, followed by conventional xylene dewaxing and gradient alcohol dehydration. 
| Reverse-transcription quantitative polymerase chain reaction (RT-qPCR)
Total RNA was extracted from the renal cortices using the ultrapure RNA extraction kit (D203-01, GenStar BioSolutions, Beijing, China 
5′-TTTGCACTGGTACGTGTTGAT-3′
Note: RT-qPCR, reverse transcription quantitative polymerase chain reaction; F, forward; R, reverse; miR-382, microRNA-382; GAPDH, glyceraldehyde phosphate dehydrogenase.
reference of miR-382, while GAPDH (abs830032, Absin Bioscience Inc, Shanghai, China) was the internal reference of FoxO1, FN, Col The experiment was repeated three times independently. The aforementioned method was equally applicable to the detection among the cells.
| Western blot analysis
The obtained renal cortices were added with liquid nitrogen and ground into uniform fine powder. Next, tissue lysate (1 mL) was added, and the tissues were subsequently rinsed in an ice 
| Cell treatment
The kidneys were taken out in sterile conditions and the renal cortex was cut into 3 mm tissue masses. The obtained tissue masses were placed in an overlapping 3-layer stainless steel mesh (the mesh aperture: 100, 150 and 200 meshes respectively). Next, the renal cortex was slightly ground using a grinding rod on the upper-layer mesh and rinsed by PBS at the same time for penetration into the lower layer mesh. After conducting the grinding and rinsing, an additional time to penetrate the renal cortex into the lower mesh, the third-layer mesh was rinsed and a small amount of ground tissue masses were extracted using a sterile stalk and observed under a microscope. In the event that there were more than 90% pure glomeruli without a renal capsule, the mesh was placed a sterile plate and washed with PBS. After that, the tissues on the lower layer mesh were collected and placed in a sterile centrifugation tube, followed by centrifugation and supernatant removal. Next, type V collagenase was added to completely treat the tissues, which was then terminated 15 minutes using a complete medium, followed by centrifugation, supernatant removal and precipitation. Eagle's medium (DMEM) culture solution containing 20% foetal bovine serum was used for resuspension, after which the tissues were inoculated into a new culture dish in a 37°C, 5% CO2 incubator. 
| Luciferase reporter gene assay
The target gene analysis of miR-382 was performed using the bio- cells with miR-382 respectively. Cells were harvested and lysed 48 hours after transfection, and luciferase activity was measured using a luciferase assay kit.
| MTT assay
When cell density had reached 80% following the transfection pro- at 490 nm were measured using a microplate reader (Nanjing DeTech Experimental Equipment Co., Ltd., Nanjing, China). Each experiment was repeated 3 times. The time point was taken as the abscissa, the OD value as the ordinate, and cell viability curve was plotted.
| Flow cytometry
Renal mesangial cells were harvested 48 hours after transfection, and 0.25% trypsin was used to treat the cells. Cell concentration was adjusted to 1 × 10 6 cells per mL −1 . Next, 1 mL cell suspension was centrifuged at 1500 rpm for 10 minutes, after which the supernatants were discarded and the cells were collected. The cells were resuspended and 2 mL of PBS was then added and centrifuged. After the supernatants were discarded, the cells were fixed 
| Reactive oxygen species (ROS) identification
Renal mesangial cells were collected, blown and adjusted to 1 × 106.
following PBS washing, the DCFH-DA (2′,7′-dichlorofluorescein was selected for the study.
| Statistical analysis
| Glomerular morphology in mouse renal cortices after STZ inducement
Next, the morphological structures of glomeruli in normal and DN mice were identified using HE staining. Glomerular morphology was normal in the normal mice, with normal volume, normal number of mesangial cells, matrix, vascular cavity and without occlusion ( Figure 1A ). The glomerular mesangial stroma of the DN mice proliferated from medium to severe condition and about 2 to 6 mesangial cells had proliferated in each mesangial area with significant enlargement; focal capillary was occluded, glomerular volume increased and the wall adjoined ( Figure 1B ). All the obtained data indicated that the animal models of DN had been successfully established.
| FoxO1 is phosphorylated in renal cortices of DN mice
In order to identify the protein expression of FoxO1 as well as the 
| miR-382 targets FoxO1
Furthermore, we examined whether miR-382 could directly regu- 
| Upregulation of miR-382 or silencing FoxO1 promotes glomerular mesangial cell proliferation
As depicted in Figure 6 , the MTT assay revealed the proliferation rate was significantly different at the 48-and 72-hour time points compared with that after 24 hours had passed (P < .05). There was no significant difference observed in relation to cell proliferation be- 
| Upregulation of miR-382 or silencing FoxO1 affects cell cycle distribution while inhibiting apoptosis in glomerular mesangial cells
An investigation was conducted regarding miR-382 and FoxO1
and their respective effects on cell cycle distribution of renal mesangial cells using flow cytometry. The results of PI single staining ( Figure 7A,B) showed that the ratio of G0/G1 phase cells in the blank, NC, miR-382 mimics, miR-382 inhibitors, siRNA-FoxO1 and miR-382 inhibitors + siRNA-FoxO1 groups was 57.75% ± 2.38%, 55.68% ± 2.31%, 35.67% ± 2.16%, 67.21% ± 3.24%, 40.35% ± 2.23% and 54.38% ± 2.32% respectively. The ratio of G2 cells was 7.12% ± 1.95%, 12.2% ± 1.61%, 9.01% ± 1.9%, 12.65% ± 1.76%, 17.5% ± 1.03% and 12.38% ± 1.27% respectively. The ratio of S cells was 35.13% ± 2.14%, 32.12% ± 2.13%, 55.32% ± 2.34%, 20.14% ± 2.08%, 42.15% ± 2.23% and 33.24% ± 2.13% respectively.
There was no significant difference detected between the blank and NC groups (P > .05). Compared with the blank and the NC groups, shortened G0/G1 phase (decreased cell ratio) and prolonged S phase (increased cell ratio) were observed in the miR-382 mimics and siRNA-FoxO1 groups (both p < 0.05); prolonged G0/G1 phase (increased cell ratio) and shortened S phase (decreased cell ratio) were observed in the miR-382 inhibitors group (both P < .05); there was no significant difference in cell cycle distribution in the miR-382 in- 
| D ISCUSS I ON
DN continues to be a major contributor linked to the incidence of various kidney diseases observed in patients undergoing renal replacement on the kidney as well as chronic inflammation both could both in equal parts contribute to the development and progression of the condition. 16 This identifies an unmet need, urgently requiring an improvement to the protective treatment afforded to DN patients. Hence, the MiR-382 could decrease the expression of Runx2 and inhibit the osteogenesis of human umbilical cord-derived mesenchymal stem cells.
In addition, it also affects the expression of some key cytokines secreted from human umbilical cord-derived mesenchymalstem cells. SETD8 in non-small cell lung cancer. 25 As a multifunctional peptide, transforming growth factor-β1 (TGF-β1) regulates many cellular functions such as cell proliferation differentiation and apoptosis and it is also regarded as a main pathogenic factor in renal disease.
26
TGF-β could also modulate ECM synthesis through regulating the expression of several miRNAs. 27 Therefore, we concluded that miR-382 may regulate the proliferation of renal mesangial cells and ECM accumulation via regulating TGF-β1. FoxO, is complicit in the process of cellular senescence and exhibits capability to inhibit proliferation by transcriptionally regulating cell cycle inhibitors and activators.
28
FOXO1-regulated genes that participate in apoptotic responses, cell cycle checkpoints and cellular metabolism. 29 The deficiency of insulin-producing β cells is a major cause of diabetes; forkhead transcription factors of the Foxo subfamily can regulate gene expression, and inhibited Foxo1 would promote the β-cell proliferation. 30 Therefore, it is possible that inhibited Foxo1 could promote the outcomes of diabetics by promoting the β-cell proliferation. A previous study also revealed that FoxO1 is able to suppress ECM deposition. 31 Normal University. We thank for the person who gave assistance and helpful discussions for our manuscript. 
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